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POLYMERIZATION PROCESS FOR PREPARING (CO)POLYMERS 

The present invention relates to aqueous dispersion polymerization pnjcesses 
for preparing a (co)polymer wherein one or more organic peroxides are used as 
Initiator (as a source of free radfcals), in conjunction with an effective amount of 
one or more controlling agents. The Invention also relates to formulations 
comprising organic peioxlde(s) and an effective amount of said controlling 
agent(8) that are suitable tor use in said aqueous dlspereion polymerization 
process. 

Over the years, there has t^een a large number of publications describing the 
polymerization of ethylenfcally unsaturated monomere using an organic 
peroxide as InitlatDr. For example. US 5.155.192 discloses storage and/or 
transportable compositions containing peroxydicarbonate to which an organic 
peroxide has been added to retard the decomposition of said peroxy- 
dicartx)nate. The compositions of US 5.156.192 are suitable for use In the 
conventional mass, suspension, or emulsion (co)poiymerJzation of ethylenlcally 
unsaturated monomere. 



25 



20 An unwanted side effect fiequently observed in conventional polymerization 
processes is the fomiab-on of so-called fish eyes in the (co)polymer. One 
explanation for fish eyes is that they are caused by small quantities of polymer 
material having a molecular weight ttiat differs considerably from the average 
molecular weight of the rest of the polymer material. Due to a difference in melt 
property between said polymer material and the "average" polymer material, 
irregularities can occur in the final shaped polymer material. It will be clear ttiat 
this phenomenon Is undesirable, for example, for the transparency and 
unifomnlty of the final (co)polymer material, particularly in thin films. 
Furthemnore. the presence of fish eyes may even be detrimental to the strength 
of this material. The presentiy known conventional polymerization processes 
have failed to resolve the fish eye problem of (co)polymers satisfectorily. 



30 
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Hence, it Is an obJecsUve of the present Invention to provide a new process for 
preparing (co)polymers overooming the drawback of conventional 
polymerization processes, which process is pre-eminently suited for preparing a 
5 (co)polymer with reduced levels of fish eyes at high Initiator loads. 

We have found that such <co)polymerB with reduced levels of fish eyes are 
obtained in an aqueous dispersion polymerization process wherein one or more 
organic peroxides to be used as initiator are selected from the group conslsUng 

10 of dfacyl peroxides, peroxyesters. peroxydlcarbonates. and mbdures thereof. In 
conjunction with an efFective amount of one or more suitable controlling agents 
selected from the group consisting of organic hydroperoxides, ethylenlcally 
unsaturated organic compounds that preferably cannot homopolymerize {I.e. 
fonn polymers obtained by self-polymerizatlon), compounds with labile carbon- 

15 hydrogen bonds, oximes, and mixtures thereof. Moig preferably, it Is an aqueous 
suspension or emulsion polymerization process, Most preferably, it is an aqueous 
suspension polymerization process. 

The term "controlHng agent" Is used to describe compounds and mixtures theiBOf 
20 that have a beneficial effect on the polymerization process wherein one or more 
organic peroxides are used as Initiator, as a result of which a final polymer 
material having a reduced level of fish eyes Is obtained. According to a non- 
binding theory, it is believed that the effect of the controlling agent can be 
explained at least partly by the fact that the controlling agent traps radicals initially 
25 fbrnied by the initiator. In consequence, the remaining initialor has more time to 
distribute homogeneously in the polymerization reaction mixture, which eventually 
is beneficial to the reduction of the ievet of fish eyes. 



30 



In one embodiment of the present Invention, the polymerization process Is a 
conventional aqueous dispersion polymerization process or an aqueous 
dispersion polymerization process wherein at least part of the one or more organic 
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peroxides used as InltlatDr is dosed to the reacHon mixture at the polymerization 
temperature, wherein the one or more organic peroxides are seiected ftom the 
group consisting of diacyi peroxides, peroxyeslers, peroxydicarixinates, and 
mixtures thereof. In conjunction with an effective amount of one or more 
5 controiiing agents selected from the group consisting of organic hydroperoxides, 
ethylenlcaliy unsaturated organic compounds that preferably cannot 
homopolymerize, compounds with labile carbon-hydrogen bonds, oximes, and 
mixtures thereof, with the proviso that the solubHity of the peroxydicarbonate(s) 
In water at Q°C is at least 5 ppm, as determined by the test as described herein. 
10 In a prefen-ed embodiment the solubility of all organic peroxides In water at CC is 
at least 5 ppm, as detennlned by the test as described herein. 

In yet another embodiment of the present invention, the polymerization process is 
a conventional aqueous dispersion polymerization process or an aqueous 

15 dispersion polymerization process wherein at least part of the one or more organic 
peroxides used as initiator is dosed to the reaction mixture at the polymerization 
temperature, wherein ttie one or more organic peroxides are seiected from the 
group consisting of diacyi peroxides, peroxyesters, and mixtures thereof, in 
conjunction with an effective amount of one or more controiiing agents selected 

20 from the group consisting of organic hydroperoxides, ethylenlcaliy unsaturated 
organic compounds that preferably cannot homopolymerize, compounds with 
labile carbon-hydrogen bonds, oximes, and mixtures thereof. 

In still yet another embodiment of the present invention, the polymerization 
25 process is an aqueous dispersion polymerization process wherein at least part of 
the one or more organic peroxides used as initiator is dosed to the reactton 
mixture at the polymerization temperature, wherein the one or more oiganic 
peroxides are selected from the group consisting of organic peroxides having a 
half-life of at least 0.0001 hours and at most 1.0 hours at the polymerization 
30 temperature, in conjunction v\rith an effective amount of one or more controiiing 
agents selected from the group consisting of organic hydroperoxides, 
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ethylenlcally unsaturated organic compounds that preferably cannot homo- 
polymerize, compounds with labile carbon-hydrogen bonds, oximes. and 
mljctures thereof. 

5 In a further embodiment, the present Invention relates to a formulation suitable 
for use in an aqueous dispersion polymerization process of the present invertfton 
said fomiulation comprising one or more organic peroxides selected from the 
gmup consisting of diacyl peroxides, pemxyesters. peroxydicartx,nates. and 
m.xtu,^es thereof, and an effective amount of one or more controlling agents 

10 selected from the group consisting of organic hydroperoxides, ethylenlcally 
unsaturated organic compounds that preferably cannot homopolymerize 
compounds with labile carbon-hydrogen bonds, oximes, and mixtures thereof' 
With the pmvlso that the solubility of the peroxydlcarbonate(s) In water at 0-C is 
at least 5 ppm. as detemilned by the test as described herein. In a pr^fened 

15 embodiment the solubility of all organic peroxides in water at 0»C is at least 5 
ppm. as determined by the test as described herein. 

In a further embodiment still, the present im^entfon relates 1o a fomiulation 
surtable for use In an aqueous dispersion polymerization process of the present 

20 ^vention. said fomiulation comprising one or more organic peroxides selected 
from the group consisting of diacyl peroxides, peroxyesters. and mixtures 
tfier^f. and an effective amount of one or more controlling agents selected 
from the group consisting of organic hydroperoxides, ethylenically unsaturated 
organic «,mpounds that preferably cannot homopolymerize. compounds with 

25 labile carbon-hydrogen bonds, oximes. and mixtures thereof. 

in Still yet a further embodiment, the present Invention relates to a fomiulation 
surtable for use In an aqueous dispersion polymerization process of the present 
mventlon, said fomiulation comprising one or more organic peroxides selected 
30 from the group consisting of organic pe.x)xides having a half^ite of at least 
O.O001 hours and at moat 1.0 hou^ at the polymerization temperature, and an 
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effecBv© amount of one or more controlling agents selected from the group 
consisting of organic hydroperoxides, ethytenically unsaturated organic 
compounds that preferably cannot homopolymerize. compounds with labile 
carbon-hydrogen bonds, oximes, and mixtures thereof . 

5 

Hydroperoxides that are suitable for use as controlling agent in the present 
Invention are well-known compounds, many of which are commercially 
avaHable. They are of the general formula ROOH, wherein R represents an 
organic group, more particularly wherein R represents a branched or non- 
10 branched, substituted or unsubstltuted alkyi group, alkenyl group, alkynyl group, 
or cyctoalkyl group. R generally does not have more than 40 carbon atoms, 
preferably not more than 20 carbon atoms, and more preferably not more than 
12 carbon atoms. As examples of particularly suitable substituents may be 
mentioned the hydropenoxy group, the phenyl group, and the hydroxyl group. 
15 Examples of parficuiariy preferred hydroperoxides include methyl 
hydroperoxide, ethyl hydroperoxide, n-propyl hydroperoxide. Isopropyl 
hydroperoxide, seo-butyl hydroperoxide, Isobutyl hydroperoxide, 1-phenyM- 
hydroperoxy ethane, benzyl hydroperoxide, methylethyl ketone hydroperoxide, 
i.e. a mixture of 2,2-dlhydroperoxy-2-2'-di-n-butyl peroxide and 2,2- 
20 dihydroperoxy butane, cyclohexanone hydroperoxide. I.e. a mixture of 1.1'- 
dlhydroperoxy-l.r-dicyclohexyl peroxide and 1.1 -dihydroperoxy cyciohexane, 
and cyclohexyl hydroperoxide. It Is prefen-ed to use tertiary hydroperoxides, i.e. 
hydroperoxides having one or more hydroperaxy groups linked to tertiary 
cart)on atoms. Examples of particularly prefemed tertiary hydroperoxides are 
2S tert-butyl hydroperoxide (TBHP), tert-amyl hydroperoxide (TAHP), 1,1.3,3- 
tetramethylbutyl hydroperoxide (™bH), 2-hydroperoxy-2-methyl pentane, 2- 
hydropenoxy-2-methyi-3-butene. 2-hydroperoxy-2,4.4-trimethyl pentane, 2.5- 
dihydroperoxy-2.5-dlmethyl hexane, 2,5-dihydroperoxy-2,5-dlmethyl-3-hexyn, 
2,6-dihydroperoxy-4-hydroxy-2,6'dImethyl heptane, 2-hydroperoxy-4-hydroxy-2- 
30 methyl butane. 2-hydroperoxy-4-hydroxy-2-methyl pentane, 2-hydroperoxy-4- 
hydroxy-2-methyl heptane. 3-ethyl-3-hydroperoxy-5-hydroxy hexane. cumyl 
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hydropenDxIde (2.phenyl-2-hydroperoxy propane), and p-isopropylcuntyl 
hydroperoxide, m- and p-(tert-butylperoxy IsopropyDcumyl hydroperoxide n- 
hydroperoxy-l-methyl cyclohexane. l-hydrtjpemxy-S-hydroxy-I.S.S-trinietfiyl 
cyclohexane. p-menthane hydroperoxide, and pinane hydmperoxide. Accorting 
to the present invention, use may also be made of mixtures of hydroperoxides 
as stabilizing agent The most preferred organic hydroperoxides for the present 
invention are TBHP, TAHP. and TMBH. 

Particularly preferred examples of ethylenically unsaturated organic compounds 
that preferably cannot homopolymerize for use in the present invention are 
selected from the group consisting of dJalkyI maleates. diaMfumarates. o-olefins, 
styrene, a-unsaturated ketones represented by forrnula (iV): 

R'" O 




R^'-'^V^R^ (IV) 



whersin R'^ can be selected from hydrogen, alkyl. alkenyl. and aryl. R« can be 
selected^from hydrogen, atkyl. and aryl, can be selected from hydrogen and 
alkyl. can be selected from hydrogen. OH. and 0R^\ and R^^ can be selected 
ftom alkyl and aryl. or R^^ and R« can lorm a cycloaikenyl or oxa-cyloalkenyl 
moiety, and compounds represented by formula (V): 



H z 

}=( (V) 
R^ V 



wherein R^^ and R^ are the same or different and are selected from the group 
consisting of hydrogen, aikyi of 1 to 4 carbons, cycloalkyi of 5 to 10 cartons 
aiyl Of 6 to 10 carbons, aralky) of 7 to 11 carbons, alkenyl of 2 to 6 cartx)ns' 
bromo and chloro; and wherein 2 Is -C^N or -C=OR^^ wherein R^^ is selecteti 
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from the group consisting of hydrogen, alkyi of 1 to 4 carbons, cycloalkyi of 5 to 
10 carbons, alkenyl of 2 to 6 cartjons, araikyi of 7 to 1 1 carbons, and aryl of 6 to 
10 carbons. 

6 Compounds with labile carbon-hydrogen bonds that are particularly preferred for 
use in the present inventton are selected from the group consisting of p- 
dlcaibonyl compounds and cydic a-diketone compounds, including diethyl 
matonate and acetyl acetone, as mentioned In EP-0,810,213-A2, aliphatic 
aldehydes, and aromatic aldehydes. 

10 

Oximes that are particularly preferred for use In the present invention are selected 
from the group consisting of (impounds leprssented by formula (VI): 

N-OH (VI) 

15 wherein and Ri^ are Independently selected from the group consisting of 
hydrogen, branched or unbranched. substituted or unsubstltuted. aikyi 
containing 1 to 22 cartxjn atoms or alkenyl containing 2 to 22 carbon atoms, 
unsubstltuted or substituted phenyl, or and taken together with the 
carbon atom to which they are attached can form a substituted or unsubstltuted 

20 cycloalkyi ring containing 4 to 8 carbon atoms; or R^ can be -C(R^)=N-OH 
wherein 1^ can be hydrogen, branched or unbranched, substituted or 
unsubstiluted, alkyI containing 1 to 22 carbon atoms or alkenyl containing 2 to 
22 carbon atoms, unsubstituted or substituted phenyl, or 1^ taken together with 
and the carbon atom to whteh 1^ Is attached can fonm a substituted or 

25 unsubstltuted cycloalkyi ring containing 4 to 8 cariaon atoms. 




Preferred controlling agents are hydroperoxides. 
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The amount of controlling agent to be used In the process of the present Invention 
Is dependent on the type of controlling agent and the type of organic peroxide 
used. Typically, the amount of controlling agent used is 0.3-20 % by weight 
(%w/w). kwsed on the weight of organic peroxide. For control of a process In 
which diisobutyryl peroxide is used and wherein the controMIng agent Is TBHP. 
the amount of TBHP used typically is in the range of 0.3-2 %w/w, based on the 
amount of diisobutyryl peroxide, whereas for control of a process in which 
diisobutyryl peroxide is used and wherein the controlling agent is dibutyl 
maieate. the amount of dibutyl maleate used typically is 5-20 %w/w, based on the 
amount of diisobutyryl peroxide. 

In order to control the polymerization process, alt or part of the controlling agent 
can be dosed to the readants forming the polymerization rBacHon mixture, in a 
preferred embodiment of the present Invention, the controlling agent is admixed 
with the one or more organic peroxides to be used In the polymerization 
reaction selected from the group consisting of diacyl peroxides, peroxyesteis. 
peroxydicarbonates, and mixtures thereof, prior to use thereof in said reaction. 
This admixing results in a fbmriulaUon comprising organic peroxide and 
controlling agent. The fomnuiation can be a solution of oiganic peroxide and/or 
controlling agent or it can be a suspension or emulsion of organic peroxide 
and/or controlling agent. Such a fonmulation has several advantages, such as 
Improved stability of the peroxide fbmfiulation, as Is described in US 5,155,192. 
More specifically, in order to comply with the mles relating to storage and/or 
transportation of organic peroxide compositions, such fomiulations must be 
stored and transported 20«C below the self-accelerating decomposition 
temperature (SADT) of IJie organic peroxide. The SADT Is an Intematlonaily 
accepted parameter Irom which the maximum temperature at which goods are 
allowed to be transported can be derived. For practical and economical reasons 
the maximum storage temperature should not be below approximately -20^0, 
meaning that the SADT should be at least OX. This often implies a limitation 
with regarxl to the concentration of the peroxide formulation. The addition of a 
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Stabilizing controlling agent to the oiganic peroxide composition generally 
results In a significant Increase In the SADT of the stabilized organic peit)xlde 
composition. Consequently, the concentration of the organic peroxide can be 
increased to some extent (which lowers the SADT). or the transport 
temperature can be Increased, which leads to i^uced organic peroxide 
transport costs. 

In addition to its controlling effect on the polymerization process, said controlling 
agent can also have a positive effect on the uncontrolled thennal decomposition 
behavior of the organic peroxide. In order to test the influence of the controlling 
agent on the stability of an organic peroxide, a so-called mini-HAST test is 
perfomied. In a mInl-HAST test as meant In this specification, typically a Dewar 
vessel with a volume of 100 ml is charged with 50 g of a sample comprising the 
origanic peroxide to be tested, optionally in the presence of one or more 
15 controlling agents. Next, a Temperature v. Time profile of the sample is 
measured in order to determine the stabilizing effect of the respective 
controlling agent used. A blank sample. I.e. a sample with no controlling agent 
present^ Is also analyzed to serve as point of reference. 

20 Preferred oixianic peroxides that are particularly suitable for the process of the 
present Invention are selected from the group of consisting of: 
. dia(^ peroxides of fbmnula (I) 

O OR® 

-2 I II nr. 

Fr— C-C-0-0~C-C-R^ (I) 

wherein R^-R« are independently selected from the group consisting of 
25 hydrogen, halogens, afkoxy groups, and satuiated or unsaturated, linear or 
branched, substituted or unsubsUtuted alkyl. alkaiyl. and aralkyi moieties, 
and wherein two of R^-R^ r1c(r2)r3 and/or two of R^-R^ of R*C(R^)R« 
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can be linked to form a cyclfc structure which can be saturated or 
unsaturated and optionally may be substituted with one or more 
independently chosen groups r\ with the proviso that at most one of 
R'C(R2)R^ and R*C{R^R« 1$ CH3, 
peroxyesters of tbnnula (II) 



R' 



^-C-0-0-R^<^ (II) 



R« 



wherein R'-R» are independently selected from the group consistfng of 
hydrogen, halogens, aikoxy groups, and saturated or unsaturated, linear or 
branched, substituted or unsubstituted alkyl. alkaryl. and araikyi moieties. 
With the proviso that R^C(R«)R« is not CH3. wherein two of R^.R« can be 
linked to Ibmi a cyclic structure which can be saturated or unsaturated and 
optionally may be substituted with one or more Independently chosen 
groups R^ and wherein R^° is selected from the group consisting of 
saturated or unsaturated, substituted or unsubstituted. linear or branched 
alkyl. aikaryl, and aralkyi moieties, 
peroxydicarbonates of fomnuia (III); 

R''-i-o-S-o-o-c-o-i-R'« 



(III) 



wherein R"-R« are independently selected from the group consisting of 
hydrogen, halogens, and saturated or unsaturated, linear or branched, 
substituted or unsubstituted alkyl. alkaryl. and aralkyi moieties, and whereiri 
two Of R^^.R« Of R"C(R«)R« and/or two of R^-.R« can be linked to fomi a 
cyclic stnjctura which can be saturated or unsaturated and optionally may 
be substituted with one or more Independently chosen groups R", and 
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- mixtures of diacyl peroxlde(s) of formula (I). pett»cyester(s) of formula (II). 
and/or peroxydicarbonate(s) of formula (III). 

If a mixture of organic peroxides Is used, it is preferred to select one or more 
organic peroxides from the group of diacyl peroxides or the group of peroxy> 
esters or the group of peroxydicartwnates. although It is also possible to select 
one or more oi^ganlc peroxides from at least two of these groups of diacyl 
peroxides, peroxyesters, and peroxydicart)onates. 



If the selection is made from the group of diacyl peroxides, particularly preferred 
diacyl peroxides for use In the process of the present invention are selected 
from the group of diacyl peroxides wheroin R^-R« are Independently selected 
from the group consisting of hydrogen, allcoxy groups, and saturated or 
unsaturated, linear or branched, alkyl. all^ryl. and aralkyi moieties, with the 
IS proviso that at most one of R^C(r2)r3 and R^C(R=)R« is CH3. More preferred 
are diacyl peroxides wherein R'-R« are independently selected from the group 
consisting of linear or branched alkyl moieties. Although R^-R^ may all be 
Independently seiecfced. It is prefened to use a symmetric diacyl peroxide. IWost 
prefened is the use of just one diacyl peroxide, although It is also possible to 
20 use a mixture of diacyl peroxides. The most preferred diacyl peroxide for use in 
the process of the present invention is dilsobutyryl peroxide, wherein R' and R* 
are hydrogen and R^. r3 rs, and R« are methyl. 

If the selection Is made from the group of peroxyesters. particularly prefen^d 
25 peroxyesters for use In the process of the present invention are selected from 
the group of peroxyesters wherein R^-R^ are Independently selected from the 
group consisting of hydrogen, alkoxy groups, and saturated or unsaturated, 
flnear or branched alkyl. alkaryl. and aralkyi moieties, with the proviso that 
R^C(RX Is not CH3. and wherein R^° is selected from the group consisting of 
30 saturated or unsaturated, substituted or unsubstituted. linear or branched alkyl 
moieties. More preferred are peroxyesters wherein R^.R« are Independently 
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selected from the group consisting of linear or branched alky! and alkoxy 
moieties and wherein R^*> is tert-butyl. tert-amyi. tert^ctyf. or 1,1-<llmethyl^3- 
hydroxy-butyl. Most preferred Is the use of just one peroxyester. although It Is 
also possible to use a mfacture of peroxyestere. The most preferred peroxyester 
for use in the process of the present Invention is tert-amyl peroxy methoxy 



acetate. 



If the selectk>n is made from the group of peroxydicartwnates. particularly 
preferred peroxydlcarbonates for use In the process of the present invention are 
10 selected from the group of peroxydicarbonales wherein R^i-R^« are 
independently selected from the group consisting of hydrogen, and saturated or 
unsaturated, linear or branched alkyi, alkaiyl. and aralkyi moieties. More 
prefened are peroxydlcarbonates wherein R"-R« are independently selected 
from the group consisting of linear or branched alky] moieties. Aithough 
RiiC(Ri2)Ri3 Ri4c(Ri5)Ri6 3^ preferably identical, the Invention Is not 
limited to these symmetrical peroxydlcarbonates. Mo&i preferred is the use of 
just one peroxydlcarbonate. aithough it is also possible to use a mixture of 
peroxydlcarbonates. The most preferred peroxydlcarbonates are di-seo*utyi 
peroxydicarbonate and diethyl peroxydicarbonate. 



Although a great many combinations of one or more organic peroxides with one 
or more controiiing agents are possible, for the most effective reducHon of fish 
eye levels in (co)poiymer8 a combination of a diacyl peroxide with a 
hydroperoxide is particularly prefen:ed. Rsh eye levels in (co)polymers are most 
25 eflectively reduced if dlisobutyryl peroxide Is used as organic peroxide In 
combination with TBHP as controlling agent. 

Because of their relatively high half-life period at the process temperature, many 
conventional initiators require long reaction times, which Is unsuitable for certain 
30 polymerizatton processes, for example continuous dosing (CD) polymerization 
processes. The term -half-life" relates to the time required for decomposition of 
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50% of the original amount of compound at a given temperature. The 
disadvantage of long reaction times cannot be eliminated satisfactorily by 
Increasing the concentration, since this typically results In unreacted initiator 
ending up in Ihe final (co)polymer. A way to overcome this problem is to use so- 
called -extremely fast initiators', such as diacyl peroxides of formula (I), 
peroxyesters of formula (11). and peroxydicarbonates of fomiula (III). The 
extremely fest initiafors are characteifeed by very short half-life periods at the 
polymerization temperature. The preferred half-life of the organic peroxide used 
in the present invention is at least 0.0001 hours and at most 10 hours at the 
polymerization temperature. More preferably, the halMife is at most 0.8 hours, 
even more preferably the half-life is at most 0.5 hours, and most preferably the 
half-life of the organic peroxide is at most 0.3 houre at the polymerization 
temperature. Particulariy suitable, especially for CD polymerization processes, 
are organic peroxides having a half-life of 0.01-0.2 hours at the polymerization 
15 temperature. 



10 



20 



25 



30 



In a preferred embodiment of the present invention, the organic peroxide 
(Initiator) is dosed to a reactor during the polymerization process. Dosing of an 
exbemely fest inttlator to a polymerization reaction allows improved central of the 
polymerization rate, higher polymerization rates leading to an increased space- 
time yield of polymerization reactors, and results in the process leading to a 
polymer with very low residual Initiator levels. It is to be underetood that the woul 
-dosing" Is used to describe the step of adding organic perxjxide to the 
polymerization reaction mixture at polymerization conditions. The dosing can be 
done intermittently during the polymerization over a period of time wherein at least 
20%, preferably at least 40%. even more preferably at least 60% of all monomer 
used in the process Is polymerized, meaning that at least two portions of Initiator 
are added to the reaction mixture. Altemativeiy. the addition can be continuous, 
meaning that for a certain period of time the Initiator Is continuously added to the 
reaction mixture. Combinations of these techniques are also possible. An exampfe 
of a combination of such a technique includes, for insfence, a process wherein the 
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inWator first added continuously, then the addition is stopped, and then again it 
is added continuousiy. if an intermittent operation Is selected, them are at least 2 
preferably at least 4, mor^ preferably at least 10. and most preferably at least 2(J 
moments at the polymerization temperatum at which the Initiator Is dosed. Most 
preferably, the organic peroxide Is dosed continuously and/or intemilttenth. from 
the start Of the polymerization reaclton. preferably after at least 5% more 
preferably at least ^0%. even mor^ preferably at least 20%, most preferably at 
least 30% of the monomer(s) has already been polymerized and wherein during 
the dosing period at least 2%. preferably at least 5%. more preferably at least 
10%. even more preferably at least 20%. even more preferably still at least 30% 
and most preferably at least 50% of all monomer<s) used in the process Is 
polymerfeed. It is also possible to add up to 90% by weight (%w/w) of said ojganic 
peroxide (or mixture of organic peroxides), based on the total amount of organic 
pe,oxlde(s) used in the polymerization process, at the start of the polymerization 
Preferably, at most 80 %w/wof said maximum amount Is added at the start of the 
polymerization, more preferably at most 70 %w/W. and most preferably at most 65 
%wA«. 



20 



25 



30 



The infiiator used In the polymerization reaction sen.es as a source of free 
radicals. The fomiatlon of a f^e radical is followed by the radical's reaction with 
a monomer, which is the actual Initiation of the polymerization. It will be obvious 
that for efficient pregress of the polymerization reaction, it is important to have 
good interaction of the lnit«tor with the monomer during the polymerization 
reaction. This partlculariy Is an issue for suspension or emulsion polymerization 
processes, wherein the reaction mixture typicaily is a suspension or (micro-) 
emulsion of monomer In water, since in these processes an aqueous and a 
non-aqueous phase are present it Is noted that for the present process the 
solubility of the organic peroxide (the Initiator) In water should be relatively low 
If the solubility of the organic peroxide in the aqueous phase is too high the 
result is that there is no. or only very minor, interaction of the o^anic peroxide 
With the monomer phase. On the other hand, the solubility should not be too low 
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either, since In that case the redlstrlbuUon of the organic peroxide may take too 
much fime. as a result of which the effect of the controlling agent is negligible 
Preferably, the organic peroxide used as Initiator for the present polymerization 
process has a solubility in water of 5-10.000 ppm at O-C. more preferably the 
solubility in water is 15^1.500 ppm at O^C. and most preferably the solubllHy In 
water is 20-1,000 ppm at CC. 



10 
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The amount of organic peroxide to be used as inrbator in the polymerizattan 
process of this invention Is within the range that is used in conventional 
polymerization processes. Typically, fmm 0.005-2% by weight (%w/w) of initiator 
preferably 0.01-1 o/,w/w. more preferably 0.01-0.5 o/„w/w, based on the weight of 
ethylenlcally unsaturated monomer<s) (vfoTe infra) to be polymerized. Is used It is 
noted that the organic pemxide used as Initiator may be used In comblnaflon with 
other (conventional) initiators. 

In a preferred embodiment of the present inventbn. the oiganic peroxlde(s) 
.s/are liquid or in solution at the polymerization temperature. By the term 
"solution- is to be understood here a homogeneous mixture of the organic 
perox,de{s) In an (organic) solvent. One or more suitable solvents can be used to 
dissolve and dilute the initiator. Preferably, such solvents ^ easily removed 
dunng the steps in which the polymer is worked up after the polymerization 
process, as Is the case tor alcohols, or they are of such a nature that It Is 
acceptable to leave them as a residue in the final polymer, as Is the case for 
solvents that are desired piasticlzer^ for the final polymer material. Furthemiore it 
can be advantageous, but is not necessarily .^quired, that such solvents do not 
adversely affect the themnal stablfity of the Initiator dissolved theiBln. as can be 
verified by analyzing the half-life temperature of the initiator in said solvent An 
example of such a solvent Is Isododecane. In another pr^erred embodiment of 
the present Invention, the organic peroxide is dosed to the polymerization process 
as an organic peroxide dispersion, preferably an aqueous organic pemxide 
dispersion. 
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It IS noted that when the term "polymerization temperature" is used, this i$ the 
temperature at which the majority of all monomer (I.e. more than 50 %w/W 
preferably more than 60 %w/W. most preferably more than 75 %wAy of the 
monomer to be polymeiteed) is polymerized, ft Is known that the polymerization 
temperature set-point can be varied over time. Known temperature variations for 
polymerizattons of vinyl chloride Include an intentionally higher temperature when 
the polymerization is started and/or a higher temperature upon pressure drop 
both used to increase the reactor output. If a variation in the poiymerizaUon 
temperature is applied, then the polymerization temperature Is considered to be 
the average temperature over time. It is noted that also In the pmcess of the 
present inventjon. the polymerization temperature set-point during the start-up and 
pressure drep stages may be higher than the average polymerization temperature 
set-point. 

The process of the present invention is prominently suited for the 
(co)poIymerizatlon of one or more ethylenically unsaturated monomers, such as 
(meth)acrylic acid (estere). styrene. vinyl acetate, acrylonitrile. vinyl chloride 
monomer (VCM). and the like. Preferably, the process according to the Invention 
involves the polymerization of monomer mixtures comprising at least 50 o/,w/w of 
VCM, based on the weight of aU monomer(s). In this preferred process, prefen^d 
comonomers for use are of the conventional type and include vinylldene chloride 
vinyl acetate, ethylene, propylene, acrylonitrile. styrene. and (meth)acrylates' 
More preferably, at least 80 %w/W of the monomers) being polymerized is made 
up of VCM. while in the most prefened process the monomer consists essentially 
of VCM. As Is known In the art. the polymerization temperature of such processes 
largely determines the molecular weight of the final polymer. 

The polymerization process can be conducted as a mass process wherein the 
30 reaction mbcture is predominantly monomer, as a suspension process wherein the 
reaction mixture typically Is a suspension of monomer In water, or as an emulsion 



25 
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or mlcro^muteton process wherein the monomer typically is einujsified In water. 
In the suspension or emulsion process of the Invention, the usual additives will 
have to be used, such as surfactants), protective coiloid(s), arti-fouling agent(s). 
pH-buff9r(s). and the like. 

5 

TTie polynierlzation process of the invention Is preferably conducted at a 
temperature in ttie range of 30-80-C. more preferably in the i^inge of 40-70''C. For 
these temperature ranges an organic peroxide is selected that has a haHMife of at 
most 0,8 hours at the process temperature. The polymerization reaction time can 
10 vary from about 0.6 to about 15 hours, and is preferably from 0.8-10 houre. 

In a preferred embodiment of the present invention, a significantly reduced level 
of fish eyes Is obsenred If the polymerization process is started with a "hot 
start". By "hot start" is meant here that the peroxide is dosed at or close to the 
15 polymerization temperature. A significantiy reduced level of fish eyes means 
that in comparison with the exact same polymerization without the controlling 
agent, the number offish eyes Is reduced with at least 10. preferably at least 
20, more preferably at least 50 per 1 0 dm^. 

20 The Invention is further elucidated by the following examples. 
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Examples 1-6 & Comparative Examples A-C 
Materials: 

TX187-W27.5 Dflsobutyryl peroxide (Emulston of 27.5 %wAv of 
diisobutyryl peroxide In water) ex Akzo Nobel 
5 Tx 187-C50 Diisobutyryl peroxide (Solution of SO %wAv of diisobutyryl 

peroxide in odorless mineral spirit) ex Akzo Nobel 

^2^2 Commercially available aqueous hydrogen peroxide with an 

assay of 70% was used 

1 .3r3-t©trabulyl hydroperoxide ex Akzo Nobel (90%) 
"^^^ tert-butyl hydroperoxide ex Altzo Nobel (80%) 

^"^M di(tert-butyl) maleate ex Degussa-Huels (1 00%) 



Experimental part: 

For mInl-HAST tests, 50 ml samples are weighed Into 100 ml Dewar vessels. 
15 The Dewar vessel is put Into a test chamber (freezer or oven) that is kept at a 
constant temperature. The temperature profile of the sample in the Dewar 
vessel is recorded: First, the time is recorded at which the sample temperature 
reaches a temperature of 10»C, Next, the test is continued until the temperature 
of the sample exceeds 30-C (a runaway may occur). The recorded temperature 
profile for Tx187-W27.5 emulsions in water Is shown In Figure 1. The time It 
fakes fbr the sample to warni from 10»C to SO^C and the con^esponding relative 
stabilization are presented In Table 1. 



27.Junl 2003 16:02 AIP 0263665867 iir.^m P ?7 

027 27.06.2003 16:02:04 



ACD 3008 PDEP 



19 



Figure 1: Temperature vs. Time profile for mlnl-HAST for Tx187-W27.5 
emulsions In water (Starting temperature of 1 0"©) 

MinWJASTraoa8un.me„teofTytW^Je..„,Won,li»w»ter(Te«tt«p«tu«l»ion^ 
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Table 1: 
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Exarinole 




1 Time 


K6iafiv8stab»i?aUon'' 






10''C>30''C 

\*» III lufccof 


(%) 






Low 


High 


A 


TX 187-W27.5 


324 






B 


IX 1B7-W2Z6+ 2%wht HaOS 


356 


10 




C 


IX 187-CSO ~ 


173 






1 


Tx 187-W2/.i)+ 1 %w/wTBHP 


563 




74 


2 


Tx 187-W27.5 + 3 %vi^vtSRP 


837 






3 

'"4 


Tx 18/-W27J5 + 1 %w/w I MBH 


589 




82 




Tx 187-W27.6 + 2 %W/WTBHP + 1 %w/wTMgFi" 


638 




96 


5 


Tx illZ-Cso + 1 %w/wt&HP 


317 




114 


6 


Tx 1 B7-C^ +10 %w^tf OYbM ■ 


344 




99 



1 Amount of hfcO^ DTBM. 7BHP. arwl/or TMBH as pure in %wA«/. based on the amount of 
TX 1 87-W27.5 or Tx 1 87-CSO 

2 Relative stabilization based on the amount of time that -unstabllized" "Dc 187-W27.5 or 
Tx 187-C50 needs to heat from 10«C to 30»C (Comparative Examples A and C. 
respectively) 

Examples 7-10 & Comparative Examples D-F 
Materials: 

vinyl chloride monomer ex Akzo Nobel 
dlisobutyryl peroxide (Emulsion of 35.8 %wJw of dllsobutyryl 
peroxide in water) ex Akzo Nobel 
di(2-ethyihexyO pen^xydlcarbonate ex Akzo Nobel (97%) 
1,1,3.3-tetrabutyl hydroperoxide ex Akzo Nobel (90%) 
tert-butyl hydroperoxide ex Akzo Nobel (80%) 
di(tert-butyl) maleate ex Degussa-Huels (100%) 



VCM 

Tk 187-W35 

TxEHP 
TMBH 
TBHP 
DTBM 



Experimental part (general): 

All the experiments are carried out according to a standard suspensfon 
polymerization process, using a 10 I BQchI lector equiped with a baffle, three 
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flat-btaded stirrers at three levels, a pressure transducer, a vinylchloride (VCM) 
feed line, a nitrogen purge Bne, a peroxide feed line, and a peroxide Injection 
point The reactor Is charged with 4,700 g of dennlneralized water and 40.2 g of 
a 5 % (w/w) solution of Alcotex® B72 (polyvlnylacetate/alcohol) in 
5 deminerallzed water, and pressurized with nitrogen to 15 bar. If no leaks are 
observed, the reactor Is depressurized for 5 minutes at 75 mbar (while stirred) 
to remove the air and nitrogen. Subsequently, the reactor Is charged with 2.870 
g of VCM, followed by heating of the reactor to the desired polymerization 
temperature of 57»C In 30-60 minutes. After reaching a stable temperature, a 
10 peroxide Initiator Is dosed continuously or stepwise, either via the peroxide 
Injecting point within 1 minute after reaching the polymerization temperature, or 
through the peroxide feed line during the polymerization process, or by a 
combination of the two possibilities, whichever Is requited. 
Dosing of the organic peroxide through the feed line Is done in such a way that 
15 the maximum rate of (33 %lh) is reached in 0.5-0.65 hours. The cooling 
capacity is limited to a value comesponding to a maximum polymerization rate 
of about 33 %m (maximum of the reference experiment). The polymerization is 
stopped when a pressure drop of 2 bar is observed, by cooling the reactor and 
degassing it After removal of the residual VCIVI by evacuation, the polymer is 
obtained by filtration, washing, and drying, if an aqueous dispersion of a 
peroxide Initiator is also dosed during the polymerization process, the intended 
volume of aqueous dispersion to be dosed has already been subtracted from 
the amount of deminerallzed water added to the reactor at the beginning of the 
polymerization process. This will ensure that the total amount of water present 
25 In the polymerization reaction mixture at the end of the process will be 
approximately equal In all cases. After completion of the polymerization 
process, the amount offish eyes/10 dm^ Is determined. 

Using the general experimental set-up as described above, In Examples 7-10 Tx 
30 1 87-W35 peroxide (solubility of dHsobutyryl peroxide In water at O^C: 35 ppm) was 
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used in the amounts Indicated In Table 2. The Tx 187.W35 was continuously 
dosed In all Examples 7-10. 

in comparative example D. no controlling agent was used. In Examples 7 and 10 
TBHP was used as controlHng agent, wherein in Example 10. all TBHP was 
added to the reaction mixture prior to the addition of Tx 187-W35. In Example 8 
TBHP and TMBH were used as controlling agent. Finally, in Example 9. DTBM 
was used as controlling agent 

In Comparative Examples E and F. Tx EHP (solubility of di(2^thylhexyl) 
peroxydlcarbonate In water at OX: <1 ppm) was used as organic peroxide, which 
was added in a single shot at the beginning of the polymerization reaction In 
Compare Example E no oontTDllIng agent was used, whereas in Comparative 
Bcample F. TBHP was used as controBIng agent, which was added to the reaction 
mixture simultaneously with the Tx EHP. The results of the experiments are 
presented In Table 2. 



Table 2: 



Example 



Organic peroxide 
Type Quantity^ 



yonirolling agent 
Type Quantity^ 




Hsh e^eano dm"* 



1 Amount Of organic p««xlde (T^ 187.W35 in Exan^les 7-10 and Comparative Example D- Tx 
EHP in Comparative Examples E-F), based on the amount of VCM 

2 Amount of controlling agent based on the amount of VCM 



From the results presented In Table 2 It follows that the use of an organic 
pemx.de. in conjunction with an effective amount of a controlling agent 
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according to the Invention, provides a final polymer material with a reduced 
level offish eyes. 

Solubility of organic peroxide at O'C 
5 The solubility of the oiiganic peroxide Is detennlned by mixing equal volumes of 
water (deuteriated) and deuteriated tetrachlonoethane containing 5% (w/w) of 
the organic peroxide ibr 10 minutes at 0"C (Table 3). After phase separation, 
the quantity of peroxide In the water phase is detennlned by ^H-NMR. 



10 Table 3 



Organic pero^de 


Solubility in water 0°O 


Dl(2-ethylhexyl) peroxydicarbonate (Tx EHP) 


< 1 ppm 


Dllsobutyryl peroxide (Trigonox 187) 


35 ppm 


Tert-butyl peroxy methoxyacetate 


610 ppm 
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I- Polymerization process for preparing a (oo)polymer wherein one or more 
ofiganic peroxides selected fiom the group consisting of diacyl peroxides 
peroxyesters. peroxydicarbonates. and mixtures thereof, are used in 
oonjuncHon with an effective amount of one or more organic peroxide 
stabilizing additives (controlling agent) selected from the group consisting of 
organic hydroperoxides, ethylenically unsaturated organic compounds that 
preferably cannot homopolymerize, compounds with labile carbon-hydrogen 
bonds, oximes. and mbdures thereof, with the proviso that the solubility of 
the peroxydIcarbonate(8) in water at 0*C Is at least 5 ppm. preferably the 
solubility of alt organic peroxides in water at 0-C Is at least 5 ppm, and 
wherein the process is a conventional aqueous dispersion polymeri^tion 
process or an aqusous dispersion polymerization process wherein at least 
part of the one or more organic peroxides used as initiator is dosed to the 
reaction mixture at the polymerizaUon temperature. 

Polymerization process for preparing a (co)polymer wherein one or more 
organic peroxides selected from the group consisting of diacyl peroxides 
peroxyesters. and mixtures thereof, are used, in conjunction with ari 
effisctive amount of one or more organic peroxide stabilizing additives 
(controiiing agent) selected fi^m the group consisting of organic 
hydroperoxides, ethylenically unsaturated organic compounds that 
preferably cannot homopolymerize. compounds with labile carbon-hydrogen 
bonds, oximes. and mixtures thereof, and wherein the process is a 
conventional aqueous dispersion polymerization process or an aqueous 
dispersion polymerization process wherein at least part of the one or more 
oraanib peroxides used as initiator is dosed to the reaction mixture at the 
poiymerizatfon temperature. 



30 
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3. Polymerization process for preparing a (co)polymer wherein one or more 
ofiganic peroxides selected from the group consisting of organic peroxides 
having a halHIfe of at least 0.0001 hours and at most 1.0 hours at the 
polymerization temperature and mixtures thereof, are used. In conjunction 
6 with an effective amount of one or more organic peroxide stabilizing 
additives (controlling agent) selected from the group consisting of organic 
hydroperoxides, ethylenically unsaturated organic compounds that 
preferably cannot homopolymerize. compounds with labile carbon-hydrogen 
bonds, oximes. and mixtures thereof, and wherein the process is a 
10 conventional aqueous dispersion polymerization process or an aqueous 
dispersion polymerization process wherein at least part of the one or more 
organic peroxides used as Initiator Is dosed to the reaction mixture at the 
polymerization temperature. 

IS 4. A process according to any one of claims 1-3 wherein the organic peroxide 
that is used as Initiator Is dosed continuously and/or interniittently to the 
reac^on mixture. 

5. A process according to any one of claims 1-4 wherein the controlling agent 
20 is an organic hydroperoxide or a mixture of organic hydroperoxides, said 
organic hydroperoxide having the general formula ROOM, wherein R 
represents an organic group, more particularly R represents a branched or 
non-branched, substituted . or unsubstituted alkyi group, alkenyl group, 
all^ynyl group or cycloaikyi group, preferably wherein the organic 
25 hydroxyperoxide is a tertiary hydroperoxide selected from the group of tert- 
butyl hydroperoxide, tert-amyl hydroperoxide, 1,1,3,3-tetramethylbutyl 
hydroperoxide. 2^hydroperoxy-2-methyl pentane, 2-hydroperoxy-2-methyl-3- 
butene. 2-hydroperoxy-2.4,4-trimethyl pentane. 2.5-dihydroperoxy-2,5- 
dimethyl hexane, 2,5-dihydroperoxy-2.5-dlmethyl-3-hexyn, 2,6- 
30 dlhydroperoxy-4'hydroxy-2,6-dimethyl heptane. 2-hydroperoxy-4-hydroxy-2- 
methyi butane, 2-hydroperoxy-4-hydroxy-2-methyl pentane. 2-hydroperoxy- 
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4-hydroxy-2-methyJ heptane. a^thyl-a-hydroperoxy-S-hydrnxy hexane. 
oumyl hydroperoxide (2-phenyl-2-hydropefX)xy propane), m- and p^ 
isopropylcumyl hydroperoxide, m- and p-(tert-butylperoxy isopropyl)cumyl 
hydroperoxide. 1-hydroperoxy-1 -methyl cyctohexane. 1-hydioperoxy-5- 
5 hydroxi^1,3.3-tf1methyl cyctohexane. p-menthane hydroperoxide, and 
pinane hydroperoxide, the organic hydroperoxide most preferably being 
selected from tert-butyi hydroperoxide, tert-amyl hydroperoxide, and 1.1.3,3- 
tetramethylbufyi hydroperoxide. 

10 6. A process according to any one of claims 1-5 wherein the diacyl peroxides, 
peroxyesters. and/or peroxydlcarbonates are selected from the group 
consisting of: 

- diacyl peroxides of fonnula (i) 



O or' 

R^-^-H-O-O-ii-i-R' 

R^ ii^ 



' (I) 



wherein R^.R« are independently selected fiom the group consisting of 
hydrogen, halogens, alkoxy groups, and saturated or unsaturated. linear 
or branched, substituted or unsubstihjted allcyi. aikaryl, and aralkyi 
moieties, and wherein two of R^-R^ of R^C(r2)R3 and/or two of R^-RS of 
R''C(R=)R« can be linked to form a cyclic structure which can be 
saturated or unsaturated and optionally may be substituted with one or 
more independently chosen groups r\ with the proviso that at most one 
of R^C(R2)r3 and R''C(R=)R®is CH3. 
- pero}^esters of fomnula (II) 

R*— 9-{l-0-0-R^° (II) 
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wherein R'^-R^ are independently selected from the group consisting of 
hydrogen, halogens, alkoxy groups, and saturated or unsaturated. linear 
or branched, substituted or unsubstltuted alkyl. alkaryl. and aralkyi 
moieties, with the proviso that R^C(R«)R« is not CH3, wherein two of R^- 
can be linked to forni a cyclic structure which can bo saturated or 
unsaturated and optionally may be substituted with one or more 
independently chosen groups R^ and wherein R^" is selected from the 
group consisting of saturated or unsaturated, substituted or 
unsubstltuted. linear or branched alkyl. alkaryl. and aialkyl moieties, and 
peroxydlcarbonates of fomiula (III) 



,11 



O 
II 



R'?-C"-0-C-0-0-C-0-C-R« (III) 



3 13 



wherein R^-^.R^^ are Independently selected from the group consisting of 
hydrogen, halogens, and saturated or unsaturated, linear or branched, 
substituted or unsubstltuted alkyl. alkaryl, and aralkyi moieties, and 
Wherein two of R^^R^^ of R^^C(R«)R^' and/or two of r«-ri« can be 
linked to fonrj a cyclic strocture which can be saturated or unsaturated 
and optionally may be substituted with one or more independently 
chosen groups R^\ 

7. A process according to any one of claims 1-6 wherein the organic peroxide 
Is diisobutyryl and the controlling agent Is tert-butyl hydroperoxide. 

8, A process according to any one of claims 1-7 wherein the controlling agent 
is dosed to the polymerization process in the fomi of a composition further 
comprising one or more organic peroxides selected from the group 
consisting of diacyl peroxides, peraxyesters. peroxydlcarbonates. and 
mixtures thereof. 
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L A process according to any one of claims 1-8 wherein the organic peroxide 
has a half-life of at least 0.0001 hours and at most 1.0 hours at the 
polymerization temperature, more preferably of at most 0.8 hours, even 
more preferably of at most 0.5 hours, and most prelerably of at most 0.3 
hours. 



10. Formulation suitable for use In the process according to daim 1, said 
formulation comprising: 
10 - one or more organic peroxides selected from the group consisting of 
diacyl peroxides, peroxyesters. peroxydicarbonates, and mixtures 
thereof, and 

- an effective amount of one or more organic peroxide stabilizing additives 
(oontroHing agent) selected from the group consisting of organic 
15 hydroperoxides, ethylenicaily unsaturated organic compounds that 

preferably cannot homopoiymerize, compounds with labile carbon- 
hydrogen bonds, oximes, and mixtures thereof, 
with the proviso that the solubility of the peroxydlcarbonate(s) in water at 
0*C Is at least 5 ppm, preferably that the solubflity of all organic peroxides in 
20 water at 0°C is at least 5 ppm. 



11-Fomiulatlon suitable for use in the process according to claim 3. said 
formulation comprising: 

- one or more organic peroxides selected from the group consisting of 
diacyl peroxides, peroxyesters, and mixtures thereof, and 

- an effective amount of one or more organic peroxide stabilizing additives 
(confroliing agent) selected from the group consisting of organic 
hydroperoxides, etiiylenicaliy unsaturated organic compounds that 
preferably cannot homopolymerize. compounds with labile carbon- 
hydrogen bonds, oximes. and mixtures thereof. 
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12. Formulation suitable for use In the process according to claim 4, said 
formulation comprising: 

- one or more otiganlc peroxides selected from the group consisting of 
organic peroxides having a half-life of at least 0.0001 hours and at most 
1 .0 hours at the polymerization temperature, and 

- an effective amount of one or more organic peroxide stabilizing additives 
(controlling agent) selected from the group consisting of organic 
hydroperoxides, ethylenically unsaturated oiganic compounds that 
preferably cannot honrrapolymerize, compounds with labile carbon- 
hydrogen bonds, oximes, and mixtures thereof. 
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Abstract 

The present Invention relates to aqueous dispersion polymerization processes 
for preparing a (co)polymer wherein an organic peixMclde is used as Initiator (as 
5 a source of free radicals) during the polymerization process, in conjuncUon with 
an effective amount of an organic peroxide stabilizing additive (controlling 
agent). The invention also relates to formulations comprising an organic 
peroxide and an effective amount of an organic peroxide stabilizing additive 
suitable for use In said polymerization process. 
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